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Research progress and developing trends on microorganisms of Xinjiang specific environments
HuiXia PAN*, ZhengMing CHENG, YuanMing ZHANG, ShuYong MU, XiaoLing QI
Key Laboratory of Biogeography and Bioresource in Arid Land, Xinjiang institute of Ecology and Geography, Chinese Academy
of Sciences, Urumqi 830011, China

Abstract: Microorganisms and its metabolic types are diverse in Xinjiang because of those extreme/special environments of drought, high or low temperature, saline and alkaline, oligotrophy. This article reviewed the research progress and achievements of various microbial resources (bacteria, fungi and
actinomycete) in the special environments from the point of its ecology, development and application.
Meanwhile, the development trend, protection and sustainable utilization of the microorganism resources
were discussed.
Keywords: Xinjiang; microorganism; special environment; research progress; trend; development

1 Introduction
Xinjiang is situated in the Eurasia center and represents a model of the arid interior area. Because of the
varied natural ecological environments such as
drought, high or low temperature, saline and alkaline,
oligotrophy and other conditions, the special microorganism resources are abundant. Chinese researchers
have studied them for many years particularly in
1990s. For instance, 373 strains of rhizobia from 109
species belonging to 31 genera in Xinjiang’s arid area
were isolated (Guan et al., 1991a, b, 1992; Wang and
Guan, 1992; Yang et al., 1993). Out of these rhizobia,
about 30% strains have the resistance characteristics.
The strains which increase crop-yield were obtained
and the microbial preparation developed (Guan et al.,
1996; Meng et al., 1998). Zhou et al. (1994) and Pan
et al. (1994) isolated a number of halophilic, salttolerant bacteria and found new species. This article
reviews the progress of the past 10 years on the microbial resources in the special environments of Xinjiang and points out their strategic significance and
possible utilization.

2

Study on the microbial resources in
the special environments

The microorganisms from the special environments
have unique genotype, physiological mechanism and

metabolite. So far, 1000 strains which are resistant to
high or low temperature, saline and alkaline, oligotrophy, radiation have been isolated.
2.1 Bacteria
2.1.1

Bacteria in saline and alkaline environments

The halobacteria in the Ayding salt lake, Aibi salt lake,
Dabancheng saline lake and Lop Nur in Xinjiang were
comprehensively studied (Tohty et al., 1999; Zeng et
al., 2002a, b; Cui et al., 2006; Habden et al., 2007;
Han et al., 2008). Homology and phylogeny of the
halobacteria based on homology of 16S rRNA sequence were reseached. One batch of new species was
discovered in these regions and their ecological distribution, physiological and biochemical characteristic
were discussed. A new bacterium of gathering MgCO3
was isolated and denominated Polymagcoccus turpanensis sp.nov (Wang et al., 2003). The strain can
possibly be used for the magnesite exploration and
biology smelts. Yi et al. (2006) isolated two alkali-tolerant strains producing xylanase from Turpan
in Xinjiang. The physiological, biochemical characteristics, 16S rDNA sequence homology and DNADNA hybridization were analyzed. The two alkali-tolerant strains were new strains of Bacillu
shalourans.
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Bacterium in high or low temperature and
strong radiation environments

The strains, which are capable to produce thermostable neutral protease (Pan et al., 2004) and thermostable pectolase (Mao et al., 2004) were isolated from
high temperature environment in which the optimum
temperature of the protease was 55℃. The proteinase
activity was about 14900 u/mL in 10000 L fermentation pot which was two times of that German product.
The required methods to prepare enzyme samples
have been developed, and currently they fulfill gaps in
demand for such products in China. The use of the
enzymes will have positive impacts on the production
of detergent, leather making, wool spinning, silk, food,
drugs manufacture and other such sectors (Huo et al.,
2003).
Some strains were isolated from the glacier and
permafrost of Tianshan Mountains in Xinjiang. They
can secrete low temperature proteinase (Shi et al.,
2005), low temperature pectolase (Wang et al., 2006),
low temperature lipase (Zhang et al., 2004), low temperature amylase (Wang et al., 2007), low temperature
cellulase and the alkaline phospholipase (Fu et al.,
2008). The microflora has been obtained from the
roots of Saussureae involucratae Kar which grow in
the permafrost of Tianshan Mountains. They were
identified by 16S or 18S rDNA sequence amplification.
The family-tree was constructed (Zhang et al., 2008).
A new strain of anti-UV radiation was obtained
from a strong radiation environment. It was claimed
that the strain has the property of protecting ultraviolet
wave length widely and no-toxicity. Therefore, a new,
safe anti-ultraviolet radiation metabolite could be obtained (Zhang et al., 2008).
2.1.3

Bacterium in the sandy desert environment

An oligotrophic bacterium was isolated from the biological crust in Gurbantunggut Desert of Xinjiang. A
lot of mucopolysaccharide was secreted during the
period of the growth. If the oligotrophic bacterium is
sprinkled on the surface of the sand using a culture
solution with 1500 mPa·S viscosity a bacteria crust of
conglutinating sand can be formed. The crust could
not only stabilize sand but could also slow the rate of
the moisture evaporation in the soil (Zhang et al., 2005,
2007; Pan et al., 2007).

2.1.4
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Bacterium in other environments

The endogenous bacteria from two kinds of plants in
the arid area were introduced. The antagonistic strains
from the endophytic bacteria were isolated in Hami
melon which is famous in the world as a special farm
product of Xinjiang (Jiang et al., 2007; Chen et al.,
2007). It was found that they possess the ability to
cope with pathogens such as Pseuodomonas syringae
pv. melonis and Phytophthora drechsler. Results indicated that the strains had the potential ability to act as
bio-control agents.
The root rotten disease has become serious in
young cotton plants, which may thus become one of
the obstacles in the sustainable development of cotton
production in Xinjiang. The endophytic bacteria were
isolated from the Urtica cannabina L. and had higher
activity against Verticillium dahliae kleb. (Zhang et al.,
2007). It might offer the potential material for studying the mechanism of bacteria against Verticillium
dahliae kleb. in cotton. Luo et al. (2004) isolated 102
bacteria strains from different tissues of cotton collected in Xinjiang. Some isolated strains were known
to express antibiosis activities against Fusarium oxysporum f. sp. and Rhizoconia solani kuhn.
2.2 Fungi
2.2.1

Species and ecological distribution of macrofungus

Various macro-fungi are found in the special environments of Xinjiang. They are distributed mainly in the
forest and grassland belt. So far, 328 species have
been identified. They belong to 41 families and 85
genera of Basidiomycota and Ascomycota. Out of
these macro-fungi, 6 macro-fungi are new records of
China, while 41 macro-fungi are of Xinjiang. Plurotus
ferulae Lezi is the peculiar fungi from Xinjiang, China
(Zhao, 2001; Mao et al., 2006).
2.2.2

Other fungi

Xu et al. (2007) reported 20 species of uromyces as
desert plants of Leguminosae and Chenopodiaceae,
collected from Tarim Basin and Junggar Basin of Xinjiang, China. Yang et al. (2006) reported Anastomotic
group and its pathogenicity of rhizoctonia solani Kühn
isolated from phaseolas vulgaris in Xinjiang. Fan et al.
(2007) reported the patholgenic microbes of the brown
sickness from grapes. Bai et al. (2007) reported the

No.1

HuiXia PAN et al.: Research progress and developing trends on microorganisms of Xinjiang specific environments

result of inducing and identification of the mutants of
Fusarium oxysporum f. sp. Vasinfectum in cotton.
2.3 Actinomycete
Actmomycete exists widely in different ecological
environments, with various species and metabolism
functions. The unique biological characteristic is the
availability of good material for research on the
morphogenesis. Many actmomycete can produce certain biologically active substances, which is a kind of
microorganism resources with economic values.
Halophilic, alkalophilic, low temperature’ and antiradiation’ actinomycetes have been isolated from the
special environments of Xinjiang, in which the large
amount of unknown microorganisms were found. Two
new genera and 19 new species of halophilic and alkalophilic actinomycetes were identified and approved
internationally. The biological and the physiological
characteristics of the actinomycetes have been studied,
which revealed that certain strains can grow not only
in the high saline and alkaline conditions but also have
better resistance against pathogenic fungus. Thererore,
they have greater ptential to be used for development
and practical application (Ma et al., 2001; Qu et al.,
2003; Li et al., 2004; Jiang et al., 2006; Xu et al., 2006;
Jiang et al., 2007; Mao et al., 2007; Wang et al., 2007;
Guan et al., 2007a, b, 2008a, b; Ma et al., 2008; Tang
et al., 2008).

3 Research on the microbial ecology in
the special environments
Scientists have been focusing on the microbial ecology in recent years, especially on research in the desert environment. The vertical distribution patterns of
soil microorganisms relating to biological crusts in the
Gurbantunggut desert were studied (Wu et al., 2005).
The results showed that the composition, distribution
and quantity of soil microorganisms might be influenced by the landform of the biological soil crust and
the contents of the soil organic matter. The ecological
distribution of soil microorganisms in Taklimakan desert highway shelter-forest and canonical correlations
of soil nutrients, microbial biomass and enzyme activity of forest land drip-irrigated with saline water in the
hinterland of Taklimakan desert were studied. The
results indicated that wind erosion decreases, shifting
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sand was fixed, soil structure and nutrient status was
improved and the quantities of soil microorganisms
increased sharply after Taklimakan desert highway
shelter-forest and artificial greenbelt was set up with
irrigation by saline water. Among the soil microorganisms, bacteria was predominant, actinomycete was
lesser and fungi was the least (Gu et al., 2000, Shan et
al., 2001, Zhou. et al., 2003a, b; Jin et al., 2008a, b).
The vertical distribution of microorganisms in rhizosphere of Populus euphratica and Tamarix sp. in the
lower reaches of the Tarim River was discussed (Ma et
al., 2008). Luo et al. (2002a, b) studied the influence
of different fertilization methods on micro-ecological
distribution and their activity in cotton field. The
results showed that the organic fertilizer and N, P, K
when used reasonably may increase obviously the
quantity of microorganisms and the intensity of soil
respiration and cellulose decomposition which benefit
the growth of cotton. Luo et al. (2002a, b) also studied
the microbial characteristics of the rhizosphere soil of
some sand-fixing plants and found that planting
sand-fixing plants could improve ecological environment, increase the quantity of rhizosphere and
non-rhizosphere soil microorganisms, promote the
accumulation of organic matters, translate available
plant nutrients and enhance the form of blown sand
soil.

4 Utilization of the microorganism resources in Xinjiang special environments
4.1

Utilization of microorganism mycelium

Pleurotus ferulae Lezi. is distributed only in Xinjiang,
China and has been cultivated successfully by the researcher of Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences. In recent years,
the cultivation technology was also studied under field
conditions and provided new production methods of
the edible fungi (Lin et al., 2007). Regulating p53 and
fas gene expressions with pleurotus ferulae extract in
different types of tumor cells have indicated that the
anti-tumor mechanisms of the extract. The extract
probably involved in the regulation of apoptosis by
inducing the gene expression related to apoptosis
(Song et al., 2003).
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4.2 Utilization of microbial property
Due to the presence of rhizobium fixing-nitrogen in
leguminous plants, an applied technology of rhizobium resources in leguminous plants of Xinjiang has
been developed. By the technology, several kinds of
rhizobium fertilizer and the seed coating medicinal
preparation (such as the compound bacteria fertilizer
of the fixing-nitrogen, osphorus-releasing and potassium-releasing) have been produced.

5 Analysis of development trend
5.1 Use of the special environment microbial resources
A large number of special microbial resources, such as
bacteria, fungi and actmomycete, were obtained from
the special environments through the study of many
years. However, because these researches are not
in-depth, their exploitation and utilization are underdeveloped. Therefore, we should focus on these aspects, such as the production of the metabolite from
the anti-radiation microorganism and enzymes from
the microorganisms of the special environments with
the improved research on the resources development
in the future.
5.2 Molecular ecology of the microorganisms in
the special environment
A comprehensive research on the survival of microor-
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ganisms under natural conditions in the soil revealed
that conventional methods were insufficient to obtain
information on the ecological functions of the microorganisms in soil ecosystems (Li et al., 2008). Therefore, the culture-independent method shall be adopted
to collect the genetic resources of the microorganisms.
The microbial diversity and their molecular phylogeny
will be studied in order to provide the scientific basis
for revealing the status of microbial resources in the
special environment of Xinjiang.
5.3 To accelerate study of the mycorrhiza fungi
resources and applied techniques
Mycorrhiza is established between certain fungi and
plant roots with a mutual benefit relationship. The preliminary study confirmed that mycorrhiza formation
enables the desert plants survive in extreme barren and
arid desert. Developing the mycorrhiza fungi resources has great significance for the restoration efforts of the vegetation in the arid area (Feng et al.,
1999; Li et al., 2004).
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